In patients with chronic inflammatory demyelinating polyneuropathy (CIDP), intravenous immunoglobulin (IVIG) is recommended to be periodically reduced to assess the need for ongoing therapy. However, little is known about the effectiveness of restabilization with IVIG in patients who worsen after IVIG withdrawal. In the Polyneuropathy And Treatment with Hizentra (PATH) study, the pre-randomization period included sudden stopping of IVIG followed by 12 weeks of observation. Those deteriorating were then restabilized with IVIG. Of 245 subjects who stopped IVIG, 28 did not show signs of clinical deterioration within 12 weeks. Two hundred and seven received IVIG restabilization with an induction dose of 2 g/kg bodyweight (bw) IgPro10 (Privigen, CSL Behring, King of Prussia, Pennsylvania) and maintenance doses of 1 g/kg bw every 3 weeks for up to 13 weeks. Signs of clinical improvement were seen in almost all (n = 188; 91%) subjects. During IVIG restabilization, 35 subjects either did not show CIDP stability (n = 21, analyzed as n = 22 as an additional subject was randomized in error) or withdrew for other reasons (n = 14). Of the 22 subjects who did not achieve clinical stability, follow-up information in 16 subjects after an additional 4 weeks was obtained. Nine subjects were reported to have improved, leaving a maximum of 27 subjects (13%) who either showed no signs of clinical improvement during the restabilization phase and 4 weeks post-study or withdrew for other reasons. In conclusion, sudden IVIG withdrawal was effective in detecting ongoing immunoglobulin G dependency with a small risk for subjects not returning to their baseline 17 weeks after withdrawal. The PATH study group members listed at the end of the paper.
| INTRODUCTION
Chronic inflammatory demyelinating polyneuropathy (CIDP), a rare immune-mediated disease of the peripheral nervous system, has a gradually worsening or, less commonly, a relapsing-remitting course. 1 
Intravenous immunoglobulin (IVIG) is a treatment option as outlined in the European Federation of Neurological Societies and Peripheral Nerve
Society (EFNS/PNS) 2010 guidelines. 2 While complete remission after short-term therapy occurs in some patients, 3 others require extended therapy. Because patients may go into remission after longer periods of IVIG treatment, and IVIG is expensive, it is recommended that all therapies, and especially IVIG, be periodically reduced or withdrawn to assess ongoing need for continued therapy, or whether the disease has become inactive and therapy is no longer needed. In case symptoms return after immunoglobulin (Ig) withdrawal, treatment is reinstated. To our knowledge, little is known about the outcome of such withdrawal trials and the effectiveness of reinitiation of therapy.
In the Polyneuropathy And Treatment with Hizentra (PATH) study 4 before the randomized and blinded portion of the study, subjects underwent a period of sudden, unblinded IVIG withdrawal followed by 13 weeks of close observation and, if they worsened, immediate IVIG restabilization. This was done to ensure that subjects who entered the next phase of the study had active disease. This enrichment strategy was implemented as a consequence of previous trials where IVIG could be reduced without change in symptoms 5 or
where subjects who were administered placebo after a period of IVIG treatment showed a low rate of relapse. 6 The sequelae of stopping IVIG treatment in otherwise stable CIDP patients has not been examined in a prospective study. This report focuses on the questions of whether a sudden treatment stop is feasible, which clinical measures can be used in combination to detect subtle yet meaningful deterioration, how quickly subjects recover after reinitiating therapy, and to what extent recovery is achieved within 17 weeks.
| METHODS AND MATERIALS
The details of the PATH trial have been previously published. 7 In brief, adult subjects with definite or probable CIDP, 2 all being treated with IVIG before enrollment were eligible for this study. After Study design. Abbreviations: CIDP, chronic inflammatory demyelinating polyneuropathy; IgPro10, 10% intravenous immunoglobulin preparation; IgPro20, 20% subcutaneous immunoglobulin preparation; IVIG, intravenous immunoglobulin. Note: "Stop" indicates that subject was discontinued from the study after all study completion assessments were performed
| Statistical methodology
The pre-randomization phase (IVIG withdrawal and restabilization) served as an enrichment strategy of the PATH study. The objective of the IgPro10 restabilization period was to investigate the efficacy and safety of IgPro10 (a secondary objective of the PATH trial). No formal sample size determination was performed for the pre-randomization phase. Efficacy and safety were determined in the pre-randomization safety data set (PSDS), defined as all subjects enrolled into the study who received at least one dose of IgPro10.
The efficacy endpoints were based on the number and percentage of subjects with improvement for the efficacy scores (adjusted INCAT total score, I-RODS centile score, mean grip strength, and MRC sum score). Efficacy parameters were summarized by visit, using descriptive statistics, and changes from Reference Visit were calculated. The Reference Visit was the last visit before entering the restabilization period.
The safety analysis was based on the PSDS. Descriptive statistics were calculated for all parameters.
3 | RESULTS
| IVIG withdrawal period
When subjects entered the study and passed the screening phase, [64%]). In total, 207 subjects entered the IgPro10 restabilization period. Table 1 shows the subject demographics and disease characteristics of all 207 subjects entering the IgPro10 restabilization period. Approximately 91% of subjects who deteriorated only in adjusted INCAT score during the withdrawal period (n = 151) improved their INCAT score during the restabilization period ( Table 2) . Of all subjects entering this study period, 91% showed improvement in at least one of the pre-specified outcome measures (Table 3) . Almost all of the subjects who showed improvement had improved after three doses of IgPro10, that is, by Week 10 (99%). Approximately 21% of improving subjects had a better score (adjusted INCAT) compared with screening, prior to IVIG withdrawal. Figure 3 shows the pattern of all four scores over the first 10 weeks of the restabilization period. Subjects showed a mean decline between baseline and IVIG withdrawal and improved mean scores during IVIG restabilization compared with baseline. First improvement, regardless of the outcome measure, occurred within a median time of 23 days, that is, at the first assessment after the first IVIG dose (Table 3 ).
| IgPro10 restabilization period
In total, 83% of subjects remained clinically stable at the end of the 10-to 13-week restabilization period by the definition of the protocol, which required the same adjusted INCAT score at the last two visits which could not be worse when compared with their baseline adjusted INCAT score. These stabilized subjects were subsequently randomized to SCIG or placebo. FIGURE 2 Subject disposition. Per investigator, one additional subject met the criteria to enter the IgPro10 restabilization period (N = 208), but the subject withdrew consent and did not receive any IgPro10 (treated count N = 207). A total of 13 subjects were rescreened. Abbreviations: CIDP, chronic inflammatory demyelinating polyneuropathy; IgPro10, 10% intravenous immunoglobulin preparation; IgPro20, 20% subcutaneous immunoglobulin preparation; IVIG, intravenous immunoglobulin; N, number of subjects; PP-PSDS, per-protocol pre-randomization safety data set; PSDS, pre-randomization safety data set.
* An additional subject did not return to at least the inflammatory neuropathy cause and treatment (INCAT) score at screening, but was randomly allocated in error. †
Reasons for exclusion of 12 subjects from the PSDS: five subjects did not demonstrate CIDP deterioration during the IVIG withdrawal period, but were transitioned to the IgPro10 restabilization period; five subjects took prohibited concomitant medication during the pre-randomization phase; one subject received an increased loading dose during pre-randomization phase; one subject took prohibited concomitant medication (nonstudy IVIG) during pre-randomization phase and received an increased loading dose during pre-randomization phase Of the subjects treated with IVIG in the restabilization period, 35 (17%) either did not improve (n = 21 [analyzed as n = 22 to include one later identified subject who had not returned to his/her screening INCAT score and was randomized in error]) or could not be stabilized as they withdrew for other reasons (n = 14), while 171 (83%) subjects achieved CIDP stability during this period (Figure 2 ). Demographic and disease characteristics of the 22 (11%) non-improving subjects are provided in Table 1 . There were no relevant differences observed between the overall restabilized population and those who did not reach CIDP stability. Subjects had a mean adjusted INCAT score of 4.2 (SD 1.6) after IVIG withdrawal, which improved by 0.4 points (SD 1.4) at the last observation.
Follow-up information was obtained 4 weeks post study in 16/22 subjects. In nine subjects, improvement based on clinical judgment was identified. Therefore, 13% (27 subjects) either showed no signs of clinical improvement (n = 13 which includes six subjects who did not respond to the follow-up questionnaire) during the restabilization phase and 4-week post-study follow-up or withdrew from the study for other reasons (n = 14).
| Safety
Out of 207 subjects in the IVIG restabilization period, 100 (48.3%) experienced a total of 284 adverse events, and causally related adverse events were experienced by 28% of the subjects. The most common adverse events occurring in >5% of subjects were headache, nasopharyngitis, and nausea (Table 4 ). There were seven related serious adverse events (allergic reaction, pulmonary embolism, increase in diastolic blood pressure, exacerbation of CIDP, worsening of respiratory failure due to chronic obstructive pulmonary disease, rash, and worsening of migraine). ). The IVIG restabilization phase that preceded the SCIG randomized phase may have contributed to this result. All subjects received a 2 g/kg bw induction dose followed by a 1 g/kg bw 3-weekly maintenance dose, and a carry-over effect of IVIG into the subcutaneous phase cannot be ruled out, potentially contributing to the placebo response. Similar observations were made in the ICE trial, 6 where after a phase of IVIG treatment, only 42% of placebo-treated subjects had a relapse during the randomized withdrawal phase. The restabilization phase also showed that more than 90% of subjects returned to or improved beyond their baseline level at study entry. The group that did not fully restabilize at least showed a tendency towards improvement, however, we did not treat subjects longer than 13 weeks or formally follow them up for longer than 4 weeks post-study.
| DISCUSSION
In the Privigen Impact on Mobility and Autonomy (PRIMA) trial 12 a similar IgG withdrawal period was performed (up to 10 weeks) for those subjects on a previous regular IVIG regime. Following deterioration, subjects were given an IVIG IgPro10 induction dose (2 g/kg bw) over 2 to 5 days, followed by up to 7 infusions (1 g/kg bw) at 3-week intervals. In that study, 1/14 subjects (7%) did not show deterioration Abbreviations: N, number of subjects; PSDS, pre-randomization safety data set. a Number of infusions. b Two out of the seven hemolysis subjects met the laboratory criteria for hemolysis, both from non-O blood groups.
